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This study was undertaken to study the effects of ethanol on
cell size, diy weight, and cell elongation of com and pea roots.
The results showed that the more dilute alcohol solutions
(0.0001 and 0.001^) augmented considerably the total ro6t length,
root cell elongation, and total dry weight in both kinds of plants.
Peas were found generally to,be less responsive to the promotive
effect of ethanol than com. But on the other hand the degree of
the promotive effect on cell elongation was strikingly similar in
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Low concentrations of ethanol are known to stimulate as well
as suppress certain growth and metabolic processes in plants. let^
in spite of the number of studies that have been made^ little is
known about the exact mechanisms throu^ which these responses ax^
produced. Anker (1) found that oxygen consumption in Avena coleop-
tile sections increased significantly following the addition of a
small quantity of ethanol to the culturing media. Similar resTilts
with the tuse of carrot tissue were reported by Lowe and James (9).
The work of Gudjonsdottier and Burstrom (5) showed that etha¬
nol enhanced considerably the growth in length of excised ^eat
roots. Ber and Mbskwa (3) reported that in addition to promoting
shoot elongation dilute ethanol caused notable increases in both
shoot and root weight of etiolated oat seedlings. Other investi¬
gators have shown that low concentrations of ethanol decidedly
affect the intermediary metabolism of amino acids as well as cell
division in certain plants (6^ 13). Generally the concentration of
ethanol which stimulates or inhibits various phases of plant growth
and metabolism vary widely according to the specific plant species.
However, it has been found often that relatively low concentrations
usually elicit promotive responses whereas relatively high
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concentrations are generally inhibitory.
The present investigation was undertaken in order to study
the effects of ethyl alcohol on cell size, dry weight, and elonga¬
tion of corn and pea roots.
CHAPTER U
REVIEW OF LITERATURE
Several papers have appeared since 1951 idrLch show that ethanol
in Biany cases materially affect plant growth and development >dien
used in concentrations that are generally employed as solvents for
plant growth regulators. Mer (9» 10) fed dark-grown oat seedlings
dilute ethanol (0.3^) through their roots and noticed that after
several days mesocotyl growth was enhanced Pereas that of coleop-
tile was suppressed. These responses were essentially the same as
those obtained In one of luLs previous studies where oat seedlings
were allowed to grow in an atmosphere enriched to $% with carbon
dioxide (11). He concluded that carbon dioxide induced the proac¬
tive effect by inczwasing the life of the nodal meristem. Because
of the marked similarity in the growth and development of oats
treated with dilute ethanol and those exposed to carbon dioxide,
Mer (9) further concluded that the alcohol exerted its stimulatory
effect in a similar manner to carbon dioxide. He stated that the
mesocotyl growth promotion was actually a secondary response caused
by the ^ vivo conversion of ethanol to carbon dioxide.
The respiration rate in Avena coleoptile sections was found,
by Anker (1), to be significantly enhanced with ethanol. This ire-
sponse, he felt, was due to ethanol serving as a substrate for
aerobic respiration. The coleoptile tissue is known to contain
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all enzymes necessary for the oxidizing of ethyl alcohol. Lowe and
James (8) reported that dilute ethanol caused essentially the same
effect on the rate of respiration in carrot tissue as observed by
Anker with Avena coleoptile sections. However, they stated that the
alcohol was not used as a source of carbon for aerobic respiration
in the carrot discs because when ethanol - 1 > was used, no
appreciable was found in the carbon dioxide given off or among
the organic acids of the citric acid cycle.
Bach and Fellig (2) investigated the effects of ethanol on the
growth of the unicellular alga, Chlorella vulgaris (A.T.C.C. lll;68).
They reported that the algal cell count increased nearly two-fold
when a small quantity of ethanol was added to the cultiiring media.
It was also noted by them that ethanol caused an increment in the
carbon content of individual algal cells. The res\ilts of a study
made by Street, Griffiths, Thresher and Owens (13) with ethanol
as a carbon soTjrce for the growth of Chlorella vulgaris (Brannon 1)
basically agreed with tl:^ findings of Bach and Fellig. These authors
(Bach and Fellig and Street et al.) concluded from their investiga¬
tions that the alcohol induced its promotive responses by serving
as a substrate for aerobic respiration. However, Street et al.
pointed out that the stimulatory effect of the alcohol was apparent
only when the culturing media contained a limited quantity of glu¬
cose.
Jackson and Eohrbaugh (6) pretreated the leaves of Victory
oats with dilute ethanol and then allowed them to fix O2 pbo-
tosynthetically. They reported that the ethanol treatment in some
cases brought about slight Increments In the percentage of labeled
carbon going Into some iittermediary metabolites whereas that going
into others was depressed* However^ they noticed that the amount of
incorporated into gamma^'aminobutyric acid was decidedly enhanced
by the ethanol pretreatment*
The work of Ber and Moskwa (3) showed that many other wictely
used organic solvents (an^l alcohol, butyl alcohol, acetone, benzene,
chloroform, petroleum ether, sulfuric ether, and xylene) may induce




The plants la this study mre corn, Zea mays L* var* Hasting's
Prolific, and peas, Pisuro sativum var. Alaska. Both the corn and pea
seeds were purchased frola Hasting's Seed Conpany, Atlanta, Georgia
during February, 1965. They were steidlized by permitting them to
remain covered for 5 minutes in a 3$ Clorox solution. Then they
were rinsed U times with sterile distilled water and allowed to
dry on sterile filter paper before being stored in a sterile con¬
tainer. A stock solution of ethanol was prepared by diluting
1;0 ml of 95^ ethanol up to 9!50 ml with distilled water. The remain¬
ing es^rimental solutions (0.0001, O.OOl, 0.01, 0.1, 1.0 and 2.0^
ethanol) wexu made by proper dilution of the stock. Sterile distilled
water served as a control medium.
For each experiment 20 grains of corn or 20 pea seeds were
placed in each of 8 separate petri plates. Then from each ethanol
solution 10 ml aliquots wez^ measured out and each poured into a
separate petri plate containing either com or peas. The controls
were treated with sterile distilled water. After covering each
individtial container, they were placed in the dark in an incubator
which was kept at 26^ 1C. Growth and development were allowed to
proceed for three days and during this period the separate seed¬
lings were sprinkled, once daily, with 5 ml of the proper ethanol
solution or distilled water. 6
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Seventy-two hours after the initial soaking, the seedlings in
each separate e^cperiment were harvested. The 20 seedlings in the
Individual petri plates were randomly sorted into three lots. A, B,
and C of 10, and $ seedlings respectively* Lot A was used to de¬
termine the effects of the different concentrations of ethanol on
total average root length* In lot B the roots wero excised, then dried
in an oven (95 0) for U8 hours and weighed to ascertain tiie effects
of the various treatments on average root dry weight* From each of
the seedlings in lot C, a 3 nun section was cut from the root hair
region, then killed and preserved in FAA (formalin-acetic acid - al¬
cohol, 9$% ethyl) as prepared by Sass (12)* Then the tissT:is sections
were del^rdrated with tertiary butyl alcohol, cleaared with xylene, in¬
filtrated with paraffin, ei^dded and sectioned at 8 to 10 microns*
The sections were stained with safranin and fast green according to
a method outlined l^y Jensen (7)*
Often in studies of this nature where seedlings are allowed to
grow and develop in petri plates, the bottoms of the dishes are not
infrequently lined with filter paper* That custom was not followed
in the present study because it has been found on numeroiis occasions
that filter paper many times contains substances which may stimulate,




The infltience of the different ethanol eolutiona on root elong¬
ation in com and peas is shown in tables I and II^ and figures 1
and 2f respectiveHy* Root elongation was significantly enhanced in
both kinds of seedlings by the two lower levels of alcohol (0.0001
and 0*001^) whereas those seedUngs treated with solutions above
0.1^ displayed considerable retardation in root length. The greatest
growth increment was found in roots of seedlings treated with 0.0001^
ethanol (tables 1, XL, figs 2). Tet^ the degree of root enhance¬
ment by ethanol differed markedly between the two types of seedlings.
The most dilute alcohol solution (0.0001^) caused an extension of
nearly 100$ in corn roots, but a similar concentration augmented pea
root growth only about 20$. Among both sets of seedlings cultured in
0.01 and 0.1$ ethanol, variations in root length were apparent. How¬
ever, the influence of these two solutions on root length appeared
not to differ markedly from that of ihe respective controls for com
and peas. Four per cent ethanol seen^d to have almost completely in¬
hibited the sprouting and development of both com and peas (figs 1, 2).
Data presented in figures 3 and U show the effects of ethanol
on cell elongation in corn and pea roots. The measurement for each




The effects of ethanol on root elongation in com.
Ethanol concentration i % )
Escpt. No.
0,0 0.0001 0.001 0.01 0.1 1.0 2.0
Bn BOB mm on BUB Bn Bn
1 - A , l]+.0 27.0 23.0 19.0 16.Q ^.0 ‘3.0
1 - B 13.0 28.0 22.0 17.0 16.0 7.0 2.0
2 - A 16.0 29.0 2U.0 21.0 19.0 6.0 1.0













Fig. 1. Effects of ethanol on root growth in 3 day old corn seedlings: A) con¬
trol; B) 0.0001^; C) 0.001^; D) 0.01^; E) 0,1^; F) 0,$%; G) 1.0^; H) 2.0^; I) U.O^.
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TABLE II
The effects of ethanol on root elongation in pea*
Ethanol concentration { % )
Expt. No*
0*0 0*0001 0.001 0.01 0*1 1.0 2.0
mm mm mm mm mm mm mm
3 - A 25.0 30*0 26*0 25.0 22.0 13.0 10.0
3 - B 25*0 25*0 28.0 25.0 23.0 12.0 n.o
U - A 23.0 27*0 26.0 23*0 18*0 12*0 10.0
U - B 2h.O 27*0 2U.a 23*0 18*0 12.0 10.0
Fig, 2, Effects of ethanol on root growth in 3 day old pea seedlings: A) con¬
trol; B) 0.0001^; C) 0.001^; D) 0.01^; E) O.l^j F) 0.5%; G) 1.0%; H) 2.0%; I) U.0%,
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300 cells. Promotion of cell elongation was apparent in both corn
and pea roots cultured in the 3 lower ethanol solutions with the
greatest augmentation occurring in those seedlings exposed to
0.0001^. However^ root cell length of corn and peas exposed to 0.1^
ethanol appeared not to differ materially from their respective
controlsj but marked inhibition of cell elongation was apparent in
those seedlings treated with 1.0 and 2.0$ alcohol (figs 1, 2).
Dry weights of corn and pea roots as affected by ethanol are
shown in figures $ and 6, respectively. In each of the It most di¬
lute solutions a promotive response (in varying degrees) on the dry
weight of corn roots was observed. Howeverj, -toe root freights of
seedlings treated with 1.0 and 2.0^ alcohol were considerably less
than that of the controls (fig 5). In peas only 0.0001$ ethanol
caused any appreciable increase in root dry weight (fig 6). !Ehe U
more concentrated solutions definitely decreased the dry weight of
pea roots, but the weight of those exposed to 0.001$ seemed not to
differ appreciably from the controls.
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The data obtained from this study show that dilute ethanol
acts as a promotive substance on root elongation, cell elongation,
and root dry weight of com and peas. Except for the magnitude of
the outcome roots of both types of seedlings, for the most part,
were affected similarly with respect to total length and cell elong¬
ation (figs 1, 2, 3, h)» However, certain levels of alcohol (0.01
and 0.1^) that cause definite increases in dry weight of com roots
deceased that of peas. This is not surprising since several in
vivo studies have indicated that ethanol is metabolized in various
ways by different plants (6, 9, 13).
The stimulation of root elongation by low non-toxic dosages
of ethanol as found in this investigation is in agreement with the
results obtained by Gudjonsdottier and Burstrem (5) on excised wheat
roots. They felt that the extended growth was due principally to cell
elongation and not multiplication which was observed generally as con¬
centrations approached the toxic level. Data reported in figures 3 and
It show that treatment with ethanol brought about considerable elong¬
ation in com and pea roots. The results presented in table I reveal
that corn roots exposed to 0.0001^ ethanol were on the average approx¬
imately l5 mm longer than their controls. Whereas a similar concentra¬
tion of alcohol increased pea root length about 1^,2 mm (table II).
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With such a marked difference in total root length, it was surpri¬
sing to find that 0.0003^ ethanol caused an enhancement of cell
length to about the same degree in both com and peas. Provided the
extended root growth in peas was due mainly to cell elongation, then
it seems apparent that both cell elongation and cell multiplication
were materially involved in the growth in length of com roots.
Ethanol was shown by Mer (9) to Increase mesocotyl growth. The
effect was attributed to the iji vivo conversion of ethanol to ca]>
bon dioxide which Mer (9) believed actually caused the extended
growth by prolonging the activity of the nodal meristem. However,
the work of Geisler (U) demonstrated that moderate levels of car¬
bon dioxide caused certain promotive responses (increases in root
length and dry weight) in pea roots that closely resemble those of
ethanol. Since ethanol is known to follow different metabolic routes
in various types of plants and even in different tissues of the same
plants, the results of Mer (9) and of Lowe and James (8) are not
surprising. In this study no evidence was obtained which indicated




Corn grains and pea seeds were allowed to grow for 3 days in
various dilute solutions of ethyl alcohol. The results showed that
generally root elongation, cell elongation and root dry weight were
significantly enhanced by the more dilute concentrations (O.CXDOl
and 0,001^). But at higher levels (1,0 and severe retard¬
ations were found. Insofar as the enhancement of total root elong¬
ation and root dry weight, com was considerably more responsive
to the alcohol treatment than peas. However, the degree of the
promotive effect on cell elongation appeared not to differ signifi¬
cantly between the two types of plants.
20
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